Eoarchaean crust in West Greenland (the Itsaq Gneiss Complex, 3870-3600 Ma) is >80% by volume orthogneisses derived from plutonic tonalite-trondhjemite-granodiorite (TTG) suites,3850, c. 3810 and c. 3710 Mahave some compositional similarities to modern island arc basalts (IAB), suggesting their origin by hydrous fluxing of a suprasubduction-zone upper mantle wedge. Most of the Eoarchaean tonalites match in composition high-silica, low-magnesian adakites, whose petrogenesis is dominated by partial melting of garnetiferous mafic rocks at high pressure. However, associated with the tonalites are volumetrically minor more magnesian quartz diorites, whose genesis probably involved melting of depleted mantle to which some slab-derived component had been added. This assemblage is evocative of suites of magmas produced at Phanerozoic convergent plate boundaries in the case where subducted crust is young and hot. Thus, Eoarchaean 'subduction' first gave rise to short-lived episodes of mantle wedge melting by hydrous fluxing, yielding IAB-like basalts ± boninites. In the hotter Eoarchaean Earth, flux-dominated destructive plate boundary magma generation quickly switched to slab melting of ('subducted') oceanic crust. This latter process produced the voluminous tonalites that were intruded into the slightly older sequences consisting of tectonically imbricated assemblages of IAB-like pillow lavas + sedimentary rocks, gabbros and upper mantle peridotite slivers. Zircon datingshows that Eoarchaean TTG production in the Itsaq Gneiss Complex was episodic (3870, 3795,. In each case, emplacement of small volumes of magma was probably followed by 10-40 Maquiescence, which allowed the associated thermal pulse to dissipate. This explains why Greenland Eoarchaean crustal growth did not have granulite-facies metamorphismdirectly associated with it. Instead, 3660-3600 Ma granulite-facies metamorphism(s) in the Itsaq Gneiss Complex were consequential to collisional orogeny and underplating, upon termination of crustal growth. Similar Eoarchaean crustal history is recorded in the Anshan area of China, where a few well-preserved rocks as old as 3800 Ma have been found including high-MgO quartz diorites. For 3800 Ma rocks, this is a rare, if not unique, situation outside of the Itsaq Gneiss Complex. The presence of volumetrically minor 3800 Mamantle-derived high-MgO quartz diorites in both the Itsaq Gneiss Complex and the Anshan area indicates either that Eoarchaean 'subduction' zones were overlain by a narrow mantlewedge or that the shallow subduction trapped slivers of upper mantle between the conserved and consumed plates. © The Geological Society of London 2009. 
geochemical and isotopic analytical techniques (as described in this volume). However, the Eoarchaean crustal rocks that are interpreted as the products of crustal accretion at convergent plate boundaries, are only preserved as small fragments in younger MesoNeoarchaean orogens, where they suffered repeated post-accretion deformation and metamorphism (see Nutman 2006 for summary) . Thus compared with modern settings, a much narrower range of information can be obtained from these Eoarchaean rocks.
Information from these Eoarchaean rocks is heavily biased towards geochemical and isotopic data, with use of structural information limited to very rare areas where postaccretionary strain was low. Thus in studying the Eoarchaean geological record, there is neither hope of identifying fossil subduction zones (as revealed by seismic studies of the Neoarchaean Superior Province greenstone-granite terrane of Canada -Calvert et al. 1995) nor original plate boundaries and palaeo-geographies.
Geological setting of the Itsaq Gneiss Complex
In West Greenland, Eoarchaean rocks occur in the Nuuk region ( Fig. 1 ), where they crop out for only about 3000 km 2 , and are known collectively as the Itsaq Gneiss Complex (Nutman et al. 1996 (Nutman et al. , 2004 . This complex constitutes at least a quarter of the preserved global Eoarchaean geological record, and hence is smaller than many single islands in a modern island arc! This comparison gives an idea the scale of the surviving Eoarchaean geological record. Additionally, the Itsaq Gneiss Complex Eoarchaean crustal accretion products were affected by latest Eoarchaean (<3660 Ma) high-grade metamorphism and deformation events (Griffin et al. 1980 , Nutman et al. 1996 Friend & Nutman 2005a ). We interpret these latest Eoarchaean events to be unrelated to the crustal accretion, but to be linked instead to a collisional orogeny that terminated the accretion (Friend & Nutman 2005a ). Thus the products of likely Eoarchaean crustal accretion are preserved mostly as strongly deformed amphibolite-granulite facies gneisses, from which it is hard to extract any detailed information concerning their origins (Fig. 2a) . However, locally there are low strain domains where some more detailed information on Eoarchaean crustal accretion can be gathered (Fig. 2b) . Most of these are in and around the Isua supracrustal belt ( Fig. 1 ) -an area that since the early 1970s (Moorbath et al. 1973; McGregor & Bridgwater 1974; Allaart 1976) has been an enduring focus of research into Eoarchaean geology.
The Itsaq Gneiss Complex occurs as mylonite-bounded tectonic slivers within a collage of younger terranes (each terrane has its own rock ages and internal Nutman et al. 07/06/2007 4 evolution). The Itsaq Gneiss Complex in the Nuuk region is represented by the Isukasia terrane to the north (with the Isua supracrustal belt) and the Faeringehavn terrane to the south (Fig. 1 ). These terranes were assembled with younger rocks during several Neoarchaean tectonothermal events (Friend et al. 1988; Friend & Nutman 2005b) . Thus the Eoarchaean rocks are allochthons found within a Neoarchaean orogen (McGregor et al. 1991; Friend & Nutman 2005b ).
The Itsaq Gneiss Complex contains >95% quartzo-feldspathic rocks of intrusive origin, now mostly strongly deformed into orthogneisses. The rare areas of relatively little deformation show that these usually formed from older tonalite and younger granite components (Fig. 2b ). All researchers (e.g. Steenfelt et al. 2005) agree that the tonalites are compositionally like Archaean TTG (tonalite-trondhjemitegranodiorite). True (potassic) granites also occur (Nutman et al. 1984a (Nutman et al. , 1996 Nutman & Bridgwater 1986; Crowley et al. 2002) . These were formed largely by melting of crust dominated by tonalite (Baadsgaard et al. 1986 ). Volcanic and sedimentary (supracrustal) rocks form <5% of the Complex. These are scattered through the banded gneisses as enclaves and tectonic slivers, and range in size from the 35-km long Isua supracrustal belt (e.g. Moorbath et al. 1973; Allaart 1976; Nutman et al. 1984b Nutman et al. , 1997 Nutman et al. , 2002b Komiya et al. 1999) down to much smaller pods (McGregor & Mason 1977; Nutman et al. 2002a) . Volcanic and sedimentary rocks are dominated by associations of banded and commonly skarn-bearing amphibolites, with lesser amounts of quartz-magnetite banded iron formation (BIF), marbles, siliceous rocks and calc silicate rocks. In the amphibolites, rare occurrences of relict pillow lava structure have been found ( Fig. 3a ; Komiya et al. 1999; Solvang 1999; Furnes et al. 2007) . Several investigations have interpreted the BIF, siliceous and calc-silicate lithologies together as a variegated suite of chemical sediments ( Fig. 3b; e.g., Nutman et al. 1984; Dymek & Klein 1988; Dauphas et al. 2004; Bohlar et al. 2005) . Less common are felsic schists and pelites, for which all those agreed to have a volcano-sedimentary rather than metasomatic origin, are in the Isua supracrustal belt (e.g. Nutman et al. 1984b Nutman et al. , 1997 Nutman et al. 2002b Kamber et al. 2005) . Metagabbros, locally grading into anorthosites ( Fig. 3c ) also occur, and are usually spatially associated with layered metaperidotites (Chadwick & Crewe 1986; Nutman et al. 1996; Friend et al. 2002) . These are fragments of layered (basic) intrusions. Other ultramafic rocks are highly magnesian, with very low alumina and lime. Most of Nutman et al. 07/06/2007 5 these are metasomatised amphibolite ± phlogopite-bearing schists. However, very rarely, they are much better preserved, and occur as fine-grained olivine + orthopyroxene ± aluminous spinel ± amphibole dunites and harzburgites (Nutman et al. 1996; Friend et al. 2002) .
The Isukasia terrane of the northern part of the Nuuk region and contains the Isua supracrustal belt (Fig. 1) . Around the Isua supracrustal belt there are most of the world's occurrences of Eoarchaean rocks preserved in a low strain state, plus the area as a whole has only suffered (multiple) amphibolite facies metamorphism, rather than granulite facies metamorphism as in other parts of the complex (Griffin et al. 1980; Nutman et al. 1996) . In the northern parts of the Isukasia terrane (north of line "N" in Fig. 1 ), c. 3500 Ma Ameralik dykes are only weakly to non-deformed. This
shows that the amount of Neoarchaean deformation is generally low (Bridgwater & McGregor 1974; Allaart, 1976) . In places north of line "N", Eoarchaean rocks are almost undeformed but elsewhere, such as at the northern edge of the Isua supracrustal belt (Fig. 4) , there are Eoarchaean mylonites (Nutman 1984; Nutman et al. 1997 Nutman et al. , 2002a Crowley et al. 2002) . These low strain domains show that in the Isukasia terrane, in situ melting was very limited (Nutman et al. 1996) , greatly aiding in the interpretation of these rocks. The southern edge of the Isukasia terrane is more deformed, and consists of banded gneisses resembling in appearance those of the Faeringehavn terrane (Bridgwater & McGregor 1974; Nutman et al. 1996) .
The Faeringehavn terrane is where terrestrial >3600 Ma rocks were first identified (Black et al. 1971; McGregor 1973) . The type locality of these was Amîtsoq (using the old Greenlandic orthography) on the north shore of Ameralik (fjord), and hence the Eoarchaean banded orthogneisses became known as the Amîtsoq gneisses (McGregor 1973) . McGregor and his collaborators abandoned this term in 1996, when instead they became regarded as the dominant part of the Itsaq Gneiss
Complex (Nutman et al. 1996) . The Faeringehavn terrane occurs in the central and southern part of the Nuuk region (Fig. 1) . Overall its rocks are much more modified by strong deformation and high-grade metamorphism than the northern parts of the Isukasia terrane. This makes it harder to obtain unequivocal interpretations of its rocks. In rare domains of lower strain in the Faeringehavn terrane tonalitic protoliths can still be locally well preserved (Nutman et al. 2000, in press ), and it is seen that (Nutman et al. 1984a (Nutman et al. , 1996 . The Faeringehavn terrane orthogneisses contain lenses of amphibolites, ultramafic and siliceous rocks, named the Akilia association by McGregor & Mason (1977) . Although it is agreed that these largely represent enclaves of mafic volcanic rocks, gabbros and chemical sediments, there is lack of agreement concerning their age, because in most places the original relationship with the surrounding orthogneisses has in most places been obliterated by migmatisation and high strain (Nutman et al. 2000 (Nutman et al. , 2002a . Nutman et al. (1996 Nutman et al. ( , 2000 and Friend & Nutman (2005a) presented evidence that the Akilia association represents the remains of several supracrustal sequences, ranging from ≥3850 Ma to 3650-3600
Ma. However, Whitehouse et al. (1999) and Whitehouse & Kamber (2005) consider that there is not yet strong enough evidence for any of the Akilia association being ≥3850 Ma.
Isua supracrustal belt and surrounding gneisses

Isua supracrustal belt
Despite that the Isua supracrustal belt escaped much deformation in the Neoarchaean, most of it still strongly deformed due to Eoarchaean deformation (Nutman et al. 1984b , 2002a , Myers, 2001 ). Thus, in most places, primary volcanic and sedimentary structures were obliterated, and outcrop-scale compositional layering is of mostly transposed tectonic origin. It is only in rare augen of total low strain that volcanic and sedimentary structures are preserved. Unequivocal pillow structures in Isua supracrustal belt amphibolites (Komiya et al. 1999; Solvang, 1999; Furnes et al. 2007 ) are important, because they demonstrate that most Isua amphibolites were derived from subaqueous volcanic rocks (Fig. 4a ). This contrasts with previous ideas held in the 1970s and 1980s that amphibolites derived from Nutman et al. 07/06/2007 7 gabbros were an equally important component in the belt as metavolcanic ones (e.g., Nutman et al. 1984b ).
Rocks of chemical sedimentary origin such as banded iron formation (Moorbath et al. 1973; Dymek & Klien 1988) have quartz and either calc-silicate or magnetite layering. This is mostly a transposed layering, and only locally does it represent original (albeit still deformed) sedimentary structure (Fig. 4b ). There are two prominent felsic schist units. The first one is restricted to the northeastern end of the belt and has yielded several zircon dates of c. 3710 Ma and there is agreement that it is a felsic volcano-sedimentary unit (Nutman et al. 1997 (Nutman et al. , 2002b Kamber et al. 2005) . The second unit crops out throughout the length of the belt, and has in several places yielded zircon dates of c. 3800 Ma (e.g. Baadsgaard et al. 1984; Compston et al. 1986; Nutman et al. 2002b) . For this unit there is lack of agreement whether it is a (metasomatised) felsic volcanic rock (Allaart 1976; Nutman et al. 1984b) , an altered tonalitic intrusion (Rosing et al. 1996) or metasomatised basalt (Myers 2001 ).
Based on early 1980s mapping, Nutman et al. (1984b) regarded the Isua supracrustal belt as fragments of one or possibly two volcano-sedimentary sequences ("A" and "B"), disrupted by early tectonic breaks. At that time there was only zircon geochronology on one outcrop of felsic rocks in the belt -with ages of c. 3800 Ma being obtained (MichardVitrac et al. 1977; Baadsgaard et al. 1984) . Other age constraints then came from a whole rock Pb-Pb errorchron of 3710±70 Ma (Moorbath et al. 1973) , an Sm-Nd errorchron of 3770±42 Ma (2σ) for a mixed suite of felsic and mafic rocks (Hamilton et al. 1978) , and Rb-Sr whole rock Eoarchaean errorchrons (± >50 million years) for orthogneiss components invading and surrounding the belt (e.g. Moorbath et al. 1972 Moorbath et al. , 1977 . Within this early geochronological framework, it was considered that the Isua supracrustal rocks were all related -a concept then widely accepted for all other ancient volcano-sedimentary sequences, such as the Barberton Greenstone Belt. With the start of a broader SHRIMP UPb zircon-dating programme with rock ages with uncertainties of ≤ ±5 Ma, it was realised that the belt contains supracrustal rocks varying in age by 100 million years, and hence the earlier "stratigraphy" was abandoned (Nutman et al. 1997) . Thus the belt's southern part is dominated by c. 3800 Ma rocks, whereas along its northern and central reaches c. 3700 Ma rocks are present (e.g. Fig. 4 ; Nutman et al. 1996 Nutman et al. , 1997 Nutman et al. , 2002b Crowley 2003; Kamber et al. 2005) . Nutman et al. (1997) proposed that these unrelated sequences were separated by Nutman et al. 07/06/2007 8 Eoarchaean mylonites. Subsequent studies concur with this interpretation, with Komiya et al. (1999) , Appel et al. (1998) , Myers (2001) , Nutman et al. (2002b, in press a) all indicating mylonites in their mapping, to divide the belt into Eoarchaean panels of unrelated rocks.
Orthogneisses adjacent to the Isua supracrustal belt
The Isua supracrustal belt is bounded to the north by orthogneisses, whose main components are 3700-3690 Ma tonalites, and several suites of 3660-3630 Ma granites and pegmatites (Nutman & Bridgwater 1986; Nutman et al. 1996 Nutman et al. , 2000 Nutman et al. , 2002b Crowley et al. 2002) . The contact between these and the Isua supracrustal belt is an Eoarchaean shear zone (Nutman 1984; Nutman et al. 1997 Nutman et al. , 2002b , which probably formed at c. 3650 Ma (Crowley et al. 2002) .
Although superficially similar in the field, the tonalites and their gneissified equivalents on the south side of the Isua supracrustal belt are older than those to the north, with ages of 3810-3795 Ma (Nutman et al. 1996 (Nutman et al. , 1999 (Nutman et al. , 2000 Crowley 2003) . Furthermore, metabasaltic amphibolites along the southern side of the belt are intruded by c. 3800 Ma tonalites, giving their minimum age (Nutman et al. 1996 (Nutman et al. , 1997 Crowley 2003) . Hence, the southern margin of the belt is a strongly deformed intrusive contact, whereas the northern contact is an Eoarchaean mylonite (Fig. 4) . In the southern tonalite area there are 3660-3630 Ma granitic sheets, but they are less voluminous than those cutting the tonalites to the north. The southern 3800 Ma tonalites contain more inclusions of mafic and ultramafic rocks than the northern 3700 Ma tonalites.
Both the northern and southern tonalites contain rare areas of very low total strain, where even igneous textures (weakly plagioclase phyric) and structures (brecciation of weakly foliated tonalite by homogeneous 3800 Ma tonalite - Fig. 2c ) are preserved. Despite the low strain, even these rocks have been thoroughly recrystallised, and no igneous phases (apart from zircons and in the northern tonalites rarely centres of plagioclase) are preserved. Associated with the tonalites are lesser volumes of quartz diorites, with the same age as the tonalites (Nutman et al. 1999 ). The 3800 Ma tonalitic gneisses south of the Isua supracrustal belt contain a mixed inclusion suite of skarned amphibolite with some BIF from the upper crust, layered gabbros with layered peridotites from deeper within the crust and slivers and pods of dunite and harzburgite derived from the upper mantle ( Fig. 5a ; Nutman et al. 1996 Nutman et al. , 2002b Friend et al. 2002) . This inclusion assemblage is dissected by Eoarchaean mylonites.
Granitic lithons in mylonite and deformed granite sheets cutting some mylonites have yielded zircon dates of 3630-3600 Ma (Nutman et al. 2002b; Friend et al. 2002) . Hence, such Eoarchaean mylonites are >150 million years younger than the tonalites that mark crustal accretion in this area. Such mylonites must have formed during younger orogenic events superimposed on the tonalitic products of crustal accretion. However, in some cases, earlier mylonites have been detected between mantle dunite/harzburgite slivers and crustal rocks, such as layered gabbros and cumulate layered ultramafic rocks (Fig. 5b ).
These mylonites pre-date c. 3800 Ma tonalite/trondhjemites that engulf the ultramafic and mafic rocks (Nutman et al. 1996; Friend et al. 2002) . These indicate that mantle rocks and rocks from different crustal levels were being tectonically intercalated prior to being engulfed and "exploded" by tonalite intrusions. This is strong field evidence for a synkinematic regime for tonalite emplacement during (c. 3800 Ma) Eoarchaean crustal accretion. This would mean that during crustal accretion, many tonalite bodies could be already foliated and even gneissified, prior to deformation and high-grade metamorphism Nutman et al. 07/06/2007 10 superimposed during later unrelated orogenic events. Rare examples of jumbled blocks of foliated tonalite set in a matrix of homogeneous tonalite (Fig. 2c) , dated at c. 3800 Ma. (Nutman et al. 1999 ) is also evidence for this.
Geochronological framework
Age of supracrustal and mantle rocks
Archaean volcano-sedimentary sequences dominated by mafic volcanic rocks and chemical sediments are notoriously difficult to date accurately and precisely, because they do not crystallise igneous zircon when they form. Instead, some age constraints can be obtained by dating discordant tonalite sheets within them, as has been done for amphibolites in southern edge of the Isua supracrustal belt and amphibolites and ultramafic rocks to the south (Nutman et al. 1996 (Nutman et al. , 1997 (Nutman et al. , 1999 Friend et al. 2002; Crowley 2003) . In other instances, rare small oscillatory-zoned euhedral zircons have been extracted from chemical sediments in the belt and have given ages of c.
3700 Ma (Nutman et al. 2002b, in press b Nutman et al. 1996; 1997 , 2002b Kamber et al. 2005) .
Age of banded gneisses, tonalites and quartz-diorites
Whitehouse et al. (1999) identified multiple generations of oscillatory-zoned igneous zircons in samples of banded gneisses from the Faeringehavn terrane. They interpreted the youngest oscillatory-zoned zircons as giving the igneous age of single protoliths, with all older zircons being xenocrysts. Nutman et al. (2000 Nutman et al. ( , 2004 pointed out that as such rocks are actually complex banded gneisses, an equally permissible, if not more likely, interpretation is that several ages of igneous material are present in such rocks. Such diversity of opinion shows that working on single-component rocks from low strain zones rather than banded gneisses is important to avoid ambiguity in the interpretation of (expensive) geochronological data. By focussing geochronology on low strain domains, Nutman et al. (1993 Nutman et al. ( , 1996 Nutman et al. ( , 2000 Nutman et al. ( , 2002a in press a) proposed that tonalites within the Itsaq Gneiss Complex are c. 3850, 3800, 3760-3730, 3700 and 3660 Ma old (Fig. 6 ). Detailed Nutman et al. 07/06/2007 11 arguments for this can be found in Nutman et al. (2000 Nutman et al. ( , 2004 in press a) and Mojzsis & Harrison (2002) .
Eoarchaean island arc basalts, "boninites", upper mantle peridotites, tonalites and quartz-diorites
Gill et al. (1981) Although in the Faeringehavn terrane volcanic structures are not preserved, careful sampling to avoid superimposed metasomatism has revealed geochemical traits similar to those seen in better-preserved rocks in Isua (Fig. 7c) . From zircon dating of tonalitic components of the gneiss complex that invade and surround these mafic rocks, Nutman et al. (1996 Nutman et al. ( , 1997 Nutman et al. ( , 2002b Nutman et al. ( , 2004 , in press a), Mojzsis & Harrison (2002) , Krogh et al. (2003) and Manning et al. (2006) interpret such amphibolites on Akilia and Innersuartuut as >3850 Ma old. As such, these rocks with remnants of IAB geochemical signatures are the world's oldest-preserved mafic crust. However, it should be noted that others (e.g.
Whitehouse & Kamber, 2005) dispute our evidence that these rocks are as old as 3850 Ma.
Within the Isua supracrustal belt, the prominent unit of "boninitic" amphibolite ( Representative analyses of these are given in Table 1 (Nutman et al. 1997 (Nutman et al. , 2002b ). Thus as a working hypothesis, we consider that c. 3700 Ma is the likely age for the "boninitic" unit. Although amphibolites of "boninitic" chemistry have been most widely documented from the Isua supracrustal belt, there are some amphibolites (>3850 Ma?) in the Faeringehavn terrane on Akilia island with similar, but less extreme compositional traits (Jenner 2007 ).
Gabbros and related layered ultramafic rocks and anorthosites that they grade into occur in small amounts (Table 1) . These rocks are now thoroughly recrystallised, such that no igneous phases are preserved. However, compositional variation of well-preserved suites indicate control by plagioclase, pyroxene and olivine fractionation, not amphibole (Jenner 2007) . Thus prior of metamorphism with amphibolitisation, these were anhydrous intrusions. As the gabbros are derived from layered complexes ( Highly-magnesian (up to 48 wt%) dunites and harzburgites with low alumina (<5.5 wt% -but generally much lower) and low lime (<2 wt%) are locally preserved as small relict cores within larger amounts of amphibole-rich ultramafic schists (Table 1; Nutman et al. 1996; Friend et al. 2002) . The dunites and harzburgites are generally massive and devoid of compositional layering, in contrast with the layered peridotites that grade into gabbros.
Locally, finer-grained varieties are transected by course-grained olivine-rich channels, which predate crustal hydration and metasomatism that these ultramafic bodies have suffered. These ultramafic rocks most commonly occur as isolated pods completely surrounded by orthogneisses, or more rarely, in tectonic contact with crustal rocks, and then surrounded by tonalitic gneisses ( Fig. 5b ; Nutman et al. 1996; Friend et al. 2002) .
Olivine in these rare well-preserved rocks have fo89-90 compositions, and can contain inclusions of aluminous spinel (Friend et al. 2002) . Spinels from one of these dunites (G93/42 on Fig. 5a ) have given the most primitive measured terrestrial 187 Os/ 188 Os isotopic ratio (Bennett et al. 2003) . In terms of bulk compositions (e.g. Al/Si versus Mg/Si , Fig 8) , the dunites and harzburgites follow the mantle fractionation trend, with many samples being strongly depleted. Hence, they bear no resemblance to either komatiites or cumulate peridotites from layered complexes (Fig. 8) . Instead, they are interpreted as slivers of Eoarchaean upper mantle. South of the Isua supracrustal belt, these slivers had already been tectonically intercalated with crustal rocks when c. 3800 Ma tonalites were intruded (Nutman et al. 1996; Friend et al. 2002) . Thus their emplacement into the crust was part of the accretion process.
Tonalites are siliceous (typically 65-70 wt%) potassium-poor intrusive rocks that are the most voluminous of all Archaean rock types. Geochemical and experimental petrological research show that Archaean tonalites were generated by melting of hydrated mafic crust, after transformation into garnet amphibolite or eclogite (summary by Martin et al. 2005) .
Adakites are the modern compositional analogues of Archaean tonalites, and they form exclusively at convergent plate margins by predominantly partial melting of <20 million years old subducted slab (oceanic crust). Therefore, it is generally considered that
Archaean tonalites formed in a broadly similar fashion at ancient convergent plate boundaries. Sr, Nd and Hf isotopic studies show that tonalites of the Itsaq Gneiss Complex Nutman et al. 07/06/2007 14 are juvenile "continental" (silica-saturated) crustal material, whose source materials had been extracted from the mantle only shortly before (e.g. Moorbath et al. 1972; Moorbath 1975; Bennett et al. 1993; Vervoort et al. 1996) . In terms of major element chemistry (Table 1) , the Itsaq Gneiss Complex tonalites mostly fall in the high silica, low magnesian field for older TTG (Fig. 9a) . In terms of their trace element variation, they show enrichment of the light REE over heavy REE elements, indicative of the role of residual garnet in their source region preferentially retaining the heavy REE ( Fig. 9b ; Arth & Hanson 1975; Martin 1986, onwards) . Trace element modelling (Nutman et al. 1999 As pointed out by Smithies & Champion (2000) , the highly magnesian character of such rocks means that they cannot have been derived solely by melting of basic rocks, but must have involved some melting of high #Mg mantle ultramafic rocks fluxed by fluids as well.
Thus it appears that although crustal accretion in the Itsaq Gneiss Complex largely involved emplacement of tonalites whose petrogenesis was dominated by the melting of (hydrated) basaltic rocks at high pressure (Nutman et al., 1999; Steenfelt et al., 2005) , there was also some contribution to siliceous magmas from the melting of (metasomatised) mantle rocks.
Thermal characteristics of the crustal accretion that formed the Itsaq Gneiss Complex
The Itsaq Gneiss Complex consists >80% by volume of orthogneisses derived from tonalite protoliths. Numerous experimental studies (e.g. Wyllie et al. 1997; Rapp 1997) indicate that parental tonalite magmas are hot (>900°C), water-undersaturated and have (Fig. 6 ).
Discussion
Switchover from IAB to tonalite and quartz-diorite magmatism during crustal accretion:
Modern and Eoarchaean perspectives
Convergent plate boundaries and hence accretionary orogens tend to form where there was the greatest lateral density contrast in the crust, leading to one crustal segment (less dense)
to be conserved and to override another (more dense) one that is destroyed. If later in the life of a modern arc system, the crust being destroyed by subduction gets younger, it will be hotter due to more residual mid ocean ridge heat. In which case, if that crust is <20 million years old, it will start to melt (in the stability field of eclogite or high pressure granulite) before it can release a LIL-bearing hydrous fluid into the overlying asthenospheric mantle wedge, to initiate melting there instead (Martin 1986 Martin et al. 2005 ).
In the Itsaq Gneiss Complex, crustal accretion probably occurred in several cycles (Fig. 6 ).
Earliest rocks are always sequences dominated by amphibolites with IAB-like ± boninitelike chemistries (e.g. Polat & Hofmann 2003) . Although in detail the chemistry of these rocks differ from their modern analogues (e.g., Jenner 2007), overall the similarities are much more striking than the differences, and it is a reasonable interpretation that they formed early in the development of ancient convergent plate boundaries (e.g. Polat & Hofmann 2003) . The early IAB-dominated sequences are then always intruded by much larger volumes of tonalite -formed by melting of mafic crust at high pressure. This is Nutman et al. 07/06/2007 17 because in the hotter early Earth, very soon after a destructive plate boundary initiated, hotter "oceanic" crust was being destroyed at the boundary. This meant that in the Eoarchaean, IAB ± boninite magmatism always soon switched over to voluminous tonalite magmatism. Although the importance of the tonalite component in Eoarchaean crustal accretion has long been recognised (Moorbath 1975; McGregor 1979; Nutman et al. 1999; Steenfelt et al. 2005) , it is only in recent years that robust evidence for Eoarchaean IAB ± boninite associations has been presented (e.g. Polat et al. 2002; Polat & Hoffman 2003; Cates & Mojzsis 2006; Jenner et al. 2006; Jenner 2007) .
Episodic Eoarchaean crustal accretion -Greenland
The Given that the Itsaq Gneiss Complex consists of a small remaining fragment of a once much larger crustal accretion complex, it is impossible to reconstruct details concerning crustal architecture and palaeo-geography during accretion (in this respect we beg to differ with the synthesis for the Itsaq Gneiss Complex of Komiya et al. 1999) . However, two points are noteworthy.
First, the presence of upper mantle peridotite slivers (Nutman et al. 1996 , Friend et al. 2002 
Collisional orogeny and the end of Itsaq Gneiss Complex Eoarchaean crustal accretion (3660 Ma)
In 
Source compositions of the tonalites
A convergent plate margin / island arc setting for the Itsaq Gneiss Complex mafic rocks and the tonalites that engulf them, means that it is unlikely that the preserved mafic rocks are the same as those that melted at depth to generate the tonalites. Instead, we propose that allochthonous amphibolite units at depth were melting to give rise to the Itsaq Gneiss
Complex tonalites as in modern arcs, where adakite magmas are generated from subducted mid ocean ridge basalt crust and not from mafic arc rocks they are found associated with.
Thus, in the Itsaq Gneiss Complex, "disappeared" Eoarchaean mid ocean ridge basalts might be the appropriate source material for the tonalites. Scenarios of tonalite generation from an eclogite representing 30-50% melting of a depleted mantle composition were found to be appropriate for some Itsaq Gneiss Complex TTG (Nutman et al. 1999) .
Comparison of Eoarchaean crustal evolution in Greenland and China
The geochronology and the lithological assemblage in the Itsaq Gneiss Complex are compared in Fig. 6 Greenland, they appear to show a general similarity in evolution (Fig. 6 ). This suggests that the well-documented crustal accretion processes in the Itsaq Gneiss Complex of Greenland are not unique, and might be more broadly applicable to the early Earth.
Conclusions
(1) Eoarchaean accretion, exemplified by the geological record in the Itsaq Gneiss
Complex, started with formation of volcano-sedimentary sequences dominated by amphibolites with IAB-like ± boninite-like geochemistry, with associated chemical sediments, particularly chert and BIF. They are interpreted as juvenile arc assemblages, whose mafic volcanic components were formed by fluxing of a mantle wedge by fluids derived from destroyed ("subducted") mafic crust at convergent plate boundaries.
(2) Tonalites that are the dominant rocks in Eoarchaean terranes intrude the earlier IABdominated sequences. This occurred when hot (young) oceanic mafic crust was being subducted -causing melting within it at high pressures (residual garnet). Because of the generally hotter state of the Eoarchaean Earth, convergent plate boundary magmatism always ended-up being dominated by tonalitic compositions. Nutman et al. (1996 Nutman et al. ( , 1999 
